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Obesity is a multifactorial disease and the most primary risk of this is the development of type 2 diabetes. Numerous studies 
show that the effects of obesity on glucose metabolism result in the deterioration of glucose tolerance, the development of 
insulin resistance and the consequent damage of the secretory function of beta-cells. The type 2 diabetes is a worldwide 
health problem associated with obesity and sedentary lifestyle. As reported the American Diabetes Association, the physical 
activity is fundamental for type 2 diabetes patients, reducing blood pressure, cardiovascular events, and improve glucose 
metabolism and insulin sensitivity. In the light of these evidences, the aim of this study is to analyse the effects of healthy 
lifestyle, characterized by a correct diet and by adequate physical activity program in type 2 diabetes patients. We analysed 
25 sedentary type 2 diabetes patients subjected to a correct diet and therapeutic treatment and 20 active type 2 diabetes 
patients subjected to a correct nutrition and a program of physical activity. We found an amelioration in biochemical and 
anthropometric parameters such as blood pressure, glycemia, glycated haemoglobin, body mass index (BMI). Given these 
results we can conclude that the physical activity has always been considered one of the cornerstones of type 2 diabetes 
therapy together with diet and pharmacotherapy. However, the results obtained show that physical activity deserves the 
same level of consideration as diet and insulin therapy even in the subject with type 2 diabetes. 
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In the last decade, the attention of the Italian diabetological community has focused on the quality of life and 
therefore on a non-secondary aspect of physical and sports activity, thanks in part to the promotional impulse 
given by the Italian Association of Diabetic Athletes. Obesity is a multifactorial disease and the most primary 
risk of this is the development of type 2 diabetes. In addition, numerous studies show that the effects of 
obesity on glucose metabolism result in the deterioration of glucose tolerance, the development of insulin 
resistance and the consequent damage of the secretory function of beta-cells (Percy-Robby et al., 1982; 
Swartz et al., 2003; Bernardini et al, 2004). Maintaining the shape weight is therefore a matter of energy 
intake and expenditure. When for a certain period the energy supply is higher than the expenditure develop 
overweight and obesity. The incidence of obesity has tripled in the last 20 years and currently in European 
countries 10-20% of men and 10-25% of women are obese (body mass index > 30). There is growing 
evidence that one of the main trends in obesity is the reduction in physical activity levels. In fact, it seems 
that in the fight against obesity, the amount of physical activity carried out may be even more decisive than 
the energy intake. In addition, the tendency to increase incidence of type 2 diabetes has often been attributed 
to increased obesity, but much evidence shows that inactivity is also a risk factor. 
 
In fact, studies show a 30-50% reduction in diabetes risk in the most active subjects compared to sedentary 
subjects (Francavilla et al., 2018). An active lifestyle and at least moderately high level of aerobic activity can 
also halve the likelihood of cardiovascular disease or dying as a result of them (Francavilla et al., 2013). 
 
It is well known that the physical activity and correct nutrition also promotes weight loss and improves body 
composition by preserving muscle tissue and increasing fat loss, in particular the reduction of abdominal 
adiposity. Many data literature reported that the accumulation of visceral adipose tissue is dangerous for 
health and leads to chronic inflammation status, typical of obese and diabetic subjects (Francavilla et al., 
2018; 2013). Indeed, the type 2 diabetes is a worldwide health problem associated with obesity and sedentary 
lifestyle (Francavilla et al., 2015). Poor glucose and lipid serum profile (High levels of total cholesterol, 
triglycerides, low-density lipoprotein (LDL) and low col-HDL, or increased fasting glucose and insulin 
concentration, hypertension, serum adiponectin low levels and increased body mass index (BMI) are 
significantly associated with increased type 2 diabetes risk and with increased cardiovascular mortality and 
morbidity in type 2 diabetes patients (Francavilla et al., 2017; 2007; 2018; Valenzano et al., 2019). In addition, 
the sedentary lifestyle is closely associated to an increased risk of mortality and morbidity for all cause, 
including dysmetabolic disease. As reported the American Diabetes Association, it is enough to accumulate 
at least 150 minutes / week (50-70% of maximum heart rate) and / or intense exercise (> 70% of maximum 
heart rate) at least 90 minutes / week, for type 2 diabetes patients, to reduce blood pressure, cardiovascular 
events, and improve glucose metabolism and insulin sensitivity (Francavilla et al., 2016). In the last decades, 
a growing number of evidences indicated that 60 minutes of recreational football 2-3 times a week for 12 
weeks has positive effects on the cardiovascular, musculoskeletal fitness and on body composition in 
untrained subjects. These benefits remain for over 6 months even reducing the frequency of training to 60 
minutes a week (Polito et al., 2020). In addition, data literature evidenced that 60 minutes of recreational 
football training twice a week for 24 weeks in men with type 2 diabetes improved VO2peak, cardiopulmonary 
fitness, resting blood pressure and lowered total body fat mass, and android fat percentage (Di Maio et al., 
2020; Corbi et al., 2019). Given these evidences, the aim of this study is to analyse the effects of healthy 
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MATERIAL AND METHODS 
 
45 patients affected by type 2 diabetes were recruited at school of Engineering, Architecture, and Sport 
Sciences Enna “KORE” University. All procedures were conformed to the directives of the Declaration of 
Helsinki and were approved by the Institutional Ethical Committee. All inserted patients had had type II 
diabetes mellitus for at least two years; patients with associated pathologies were excluded such as: liver 
disease, nephropathy, heart disease. A basic clinical evaluation was performed and the patients were divided 
in two different groups. 
 
25 patients in conventional therapeutic and dietary treatment, defined sedentary because they did not carry 
out any physical activity; 20 patients who was given moderate exercise to perform every day, under the 
supervision of the sports medicine doctor (EXE patients). 
 
All patients were informed about the benefits of a balanced diet combined with regular physical activity. The 
standardized diet according to international guidelines. 
 
Both patients groups are monitored at baseline and after six months of protocols. Fasting blood samples 
were collected at 8:00 am from an antecubital vein, using a 21G Vacutainer blood collection set (BD 
Diagnostics, Franklin Lakes, NJ, USA). Blood samples were centrifuged and the resultant serum stored at - 
80°C, until use. We evaluated biochemical and anthropometric parameters such as glycemia, glycated 
haemoglobin, total cholesterol, body mass index (BMI), systolic and diastolic blood pressure. 
 
Statistical analysis 
Medians, means (X), standard deviation (SD), standard error (SE), and coefficients of variation (CV) were 
calculated using standard procedures. The reference limits were calculated both with the parametric method 
(X ± DS) and with the non-parametric method (medians, 2.5th and 97.5th percentiles). When the data were 
"normally" distributed (13) the comparison of the intra-group results was performed with a parametric test: 
student's t for paired data, otherwise, the comparison was performed with a non-parametric test such as the 
Wilcoxon test for paired data. In the presence of “normally distributed” data, the comparison between groups 
(sedentary vs EXE) having homogeneous variances (homoscedastic population), was performed by means 
of the student test for independent data; when it was not possible to admit the equality α1 = α2 (non- 
homogeneous variances), the t test modified by Welch was used. The Snedecor F test was used to check 
homoscedastic of the populations in comparison. In case of variances with large deviation from the Gaussian 
curve, a non-parametric test was applied: such as the Wilcoxon test for independent data. The results were 
processed by the computer scientist with the Compaq Presario433 PC using the software applications 




In this study we found an amelioration in biochemical and anthropometric parameters such as blood pressure, 
glycemia, glycated haemoglobin, total cholesterol, body mass index. In particular, we found an improve in 
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Table 1. Type 2 diabetes patients – Total population. 













Age 64.33±11.11 17.28 42.50 86.10 65.00 44.00 86.00 44.2 85.3 45 
Weight 74.40±20.94 28.14 33.40 115.40 67.00 50.00 125.00 50.50 124.0 - 
BMI Index 26.91±4.94 18.34 17.20 36.60 26.00 20.00 38.00 20.00 38.00 - 
Female 
Age 64.88±11.65 17.96 42.05 87.72 65.00 44.00 86.00 - - 17 
Weight 
(Kg) 
75.94±15.81 20.82 44.95 106.93 75.00 53.00 116.00 - - - 
BMI 
(Index) 
26.59±4.86 18.28 17.06 36.12 25.00 20.00 38 - - - 
Male 
Age 64.89±14.79 22.79 35.91 93.87 62.00 42.00 92.00 - - 28 
Weight 74.96±20.06 26.77 35.64 114.29 69 52.00 134.00 - - - 
BMI 
(Index) 
26.56±3.92 14.74 18.89 34.24 26.00 21.00 38.00 - - - 
 
Table 2. Sedentary type 2 diabetes patients (T0). 





Median Val min Val max N 
BMI (Index) 28.97±4.80 16.57 19.56 38.38 27.30 19.86 39.00 25 
Weight (Kg) 89.50±17.49 19.45 39.46 118.50 91.50 59.00 127.00 25 
Systolic pressure 
(mmHg) 
140.20±24.13 17.21 92.91 187.49 135.00 105.00 190.00 25 
Diastolic pressure 
(mmHg) 
85.48±7.63 8.93 70.52 100.44 85.00 70.00 105.00 25 
Glycemia (mg/dL) 135.92±38.64 28.43 60.18 211.66 126.00 92.00 218.00 25 
HBA1C (%) 8.91±1.82 20.40 5.35 12.47 8.90 6.30 12.12 25 
Total cholesterol 
(mg/d/L) 
236.17±33.94 14.37 169.64 302.70 232.00 175.00 305.00 25 
 
Table 3. Sedentary type 2 diabetes patients (T3 months). 





Median Val min Val max N 
BMI (Index) 26.89±4.18 15.55 18.69 35.08 25.00 21.00 36.32 25 
Weight (Kg) 83.60±13.85 16.57 40.76 108.76 85.00 59.00 106.00 25 
Systolic pressure 
(mmHg) 
129.43±17.46 13.49 95.22 163.65 126.80 105.00 160.00 25 
Diastolic pressure 
(mmHg) 
83.20±5.97 7.17 71.51 94.90 80.00 75.00 100.00 25 
Glycemia (mg/dL) 121.94±32.13 26.35 58.97 184.90 110.50 88.00 185.00 25 
HBA1C (%) 7.95±1.26 15.79 5.49 10.42 8.10 6.20 10.10 25 
Total cholesterol 
(mg/d/L) 
219.42±27.01 12.31 166.49 272.36 215.60 175.80 289.95 25 
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Table 4. Sedentary type 2 diabetes patients (T6 months). 











BMI (Index) 25.27±3.09 12.23 19.22 31.33 23.90 22.00 31.60 25 
Weight (Kg) 81.45±12.68 15.57 42.20 100.71 81.50 60.00 101.00 25 
Systolic pressure 
(mmHg) 
121.19±13.66 11.27 94.41 147.97 118.00 97.57 145.00 25 
Diastolic pressure 
(mmHg) 
81.20±5.78 7.12 69.87 92.53 80.00 75.00 95.00 25 
Glycemia (mg/dL) 111.10±24.67 22.22 62.71 159.49 107.00 81.58 174.70 25 
HBA1C (%) 7.32±1.20 16.40 4.97 9.67 7.00 5.60 10.00 25 
Total cholesterol 
(mg/d/L) 
207.53±18.95 9.13 170.40 244.67 206.80 165.80 245.12 25 
 
Table 5. Sedentary type 2 diabetes patients- comparison of mean. 
(T-test or Wilcoxon test) 
 
T0 vs T3 months T3 months vs T6 months 
Differences 









BMI (Index) 2.09 8.76 .00000 1.61 5.20 .00003 
Weight (Kg) 5.90 5.41 .00002 2.15 5.95 .00001 
Systolic pressure 
(mmHg) 
1.77 5.96 .00000 8.25 6.56 .00000 
Diastolic pressure 
(mmHg) 
2.28 3.78 .00091 2.00 3.48 .00193 
Glycemia (mg/dL) 13.98 8.15 .00000 10.84 5.26 .00002 
HBA1C (%) 0.96 5.85 .00000 0.64 5.71 .00001 
Total cholesterol 
(mg/d/L) 
16.75 6.02 .00000 8.80 3.67 .00024 
 
Table 6. Type 2 diabetes patients EXE groups T0. 





Median Val min Val max N 
BMI (Index) 27.94±3.30 11.83 21.46 34.41 27.79 23.00 34.28 20 
Weight (Kg) 75.32±17.44 23.15 47.63 122.13 75.00 49.00 134.00 20 
Systolic pressure 
(mmHg) 
141.25±16.45 11.65 109.00 173.50 137.50 120.00 185.00 20 
Diastolic pressure 
(mmHg) 
89.30±9.18 10.29 71.30 107.30 88.500 75.00 105.00 20 
Glycemia (mg/dL) 127.57±16.40 15.25 75.43 139.71 107.02 82.89 17.71 20 
HBA1C (%) 8.12±1.26 15.48 5.66 10.58 8.30 6.50 8.30 20 
Total cholesterol 
(mg/d/L) 
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Table 7. Type 2 diabetes patients EXE groups T 3 months. 





Median Val min Val max N 
BMI (Index) 25.68±2.99 11.64 19.82 31.54 25.20 21.70 33.00 20 
Weight (Kg) 69.67±17.72 24.39 47.63 114.32 70.00 41.00 134.00 20 
Systolic pressure 
(mmHg) 
132.08±13.60 10.30 105.42 158.74 129.02 110.00 160.55 20 
Diastolic pressure 
(mmHg) 
83.09±6.19 7.45 70.96 95.23 80.48 75.00 95.00 20 
Glycemia (mg/dL) 98.14±15.60 15.89 67.57 128.72 100.01 62.00 135.40 20 
HBA1C (%) 7.16±1.32 18.37 4.58 9.75 6.75 5.60 10.20 20 
Total cholesterol 
(mg/d/L) 
203.74±24.75 12.15 155.24 252.25 198.20 177.60 259.60 20 
 
Table 8. Type 2 diabetes patients EXE groups T6 months. 





Median Val min Val max N 
BMI (Index) 23.145±2.41 10.44 18.41 27.88 22.40 21.00 22.40 20 
Weight (Kg) 65.68±13.20 18.84 44.14 107.22 69.00 41.0 118.00 20 
Systolic pressure 
(mmHg) 
121.64±12.50 10.28 97.14 146.14 116.40 109.00 148.00 20 
Diastolic pressure 
(mmHg) 
78.46±6.23 7.95 6.24 90.68 76.91 70.00 90.00 20 
Glycemia (mg/dL) 91.65±11.65 12.71 68.82 114.48 93.50 67.00 93.50 20 
HBA1C (%) 6.73±0.79 11.69 5.19 8.27 6.60 5.30 6.60 20 
Total cholesterol 
(mg/d/L) 
192.96±24.37 12.63 145.19 240.74 188.60 130.45 236.40 20 
 
Table 9. Type 2 diabetes patients EXE groups - comparison of mean. 
(T-test or Wilcoxon test) 
 
T0 vs T3 months T3 months vs T6 months 
Differences 









BMI (Index) 2.254 9.77 .000000 2.536 7.99 .00000 
Weight (Kg) 5.65 8.23 .00000 3.99 10.36 .00000 
Systolic pressure 
(mmHg) 
8.480 3.90 .00010 10.39 7.87 .00000 
Diastolic pressure 
(mmHg) 
6.203 4.93 .00009 4.633 8.40 .00000 
Glycemia (mg/dL) 9.427 8.02 .00000 6.490 4.76 .00014 
HBA1C (%) 0.955 5.30 .00004 0.437 2.19 .04157 
Total cholesterol 
(mg/d/L) 
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Table 10. Sedentary type 2 diabetes patients vs type 2 diabetes patients EXE groups-comparison of mean. 
Welch test and Wilcoxon test 
 
















BMI (Index) 1.036 0.82 .4160 1.205 1.085 .284 2.128 2.52 .01543 








3.818 1.523 .1350 0.109 0.0595 .95283 2.738 1.5247 .13464 
Glycemia 
(mg/dL) 
8.32 1.95 .1890 23.794 3.0336 .00409 19.446 3.240 .00231 




9.549 0.884 .389 15.678 2.027 .049 14.569 2.2573 .029 
 
DISCUSSION AND CONCLUSIONS 
 
Obesity is a multifactorial disease and the most primary risk of this is the development of type 2 diabetes. 
Numerous studies show that the effects of obesity on glucose metabolism result in the deterioration of 
glucose tolerance, the development of insulin resistance and the consequent damage of the secretory 
function of beta-cells. The type 2 diabetes is a worldwide health problem associated with obesity and 
sedentary lifestyle. Our results showed that in type 2 diabetes patients an adequate protocol of physical 
exercise combined to correct nutrition is able to modify anthropometric and biochemical characteristics. In 
addition, as show in sedentary groups of type 2 diabetes patients, even alone, correct nutrition can still have 
beneficial effects that are enhanced by physical activity as show in the EXE patients. A study conducted at 
the Department of Health and Exercise Science at the University of Tennessee demonstrates how daily 
walking leads to an improvement in glucose tolerance (Percy-Robby et al., 1982; Bernardini et al., 2004; 
Francavilla et al., 2018; 2013; 2015). In this study, 18 women with a family history of type II diabetes aged 
53.3 +/- 7 with a BMI of 35.0 +/- 5.1 kg / m2 completed a 4-week period in which they maintained their same 
habits followed by another 8 week period in which they followed a daily walking schedule where the goal was 
to reach at least 10,000 steps per day. During the control period the average number of steps was 4972 per 
day. During the intervention period the participants increased on average the number of steps to 9213 with 
an average increase of 85%. Although after this period there were no changes in body fat composition, weight 
and body mass index there were still positive effects both in blood glucose levels after a load after 2 h (p < 
.001) AUC P = 0.0025, both in the decrease in systolic (p < .002) and diastolic (p = .002) blood pressure. 
This demonstrates that a minimum level of physical activity still decreases the cardiovascular risk even in 
those patients who have mobility problems due to overweight or obesity for whom a more demanding program 
of physical activity cannot be recommended (Valenzano et al., 2019; Francavilla et al., 2017; 2007). On the 
other hand, also the study of Di Loreto and coll. shows that there is a linear relationship between the benefits 
that physical activity determines in the diabetic patient and the amount of physical activity performed daily. 
This relationship occurs starting from 11 METh / week and the maximum benefits are obtained around a 
value of 27 METh / week. Obviously, if the patient practices a more intense sport, these effects will be 
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achieved in a shorter period of time. In a similar 2-year study conducted at the University of Perugia at the 
Department of Internal Medicine, 182 patients aged 62 +/- 0.7 with diabetes of 7.6 +/- 0.3 years were 
recruited. At the beginning, the intervention program consisted of a 30-minute meeting conducted by the 
doctor in which all the advantages of physical activity were explained to the patient followed a month later by 
a phone call made by the same doctor to the patient and a 15-minute visit every 3 months for a total of 7 
check-ups. Overweight (Defrin et al., 2004) and obese patients were prescribed a diet with a negative caloric 
balance of 300 Kcal per day, taking into account the energy expenditure associated with voluntary physical 
activity. Body mass, weight, total and LDL cholesterol, HBA1C indices were assessed at each session. 
Patients were divided into 6 groups in relation to the share of energy expenditure. At the end of the study, 
significant reductions were observed in BMI, waist circumference, systolic and diastolic blood pressure, and 
health care costs related to drugs and diseases. These reductions were the greater the greater the MET. 
However, the post hoc analysis showed that the minimum energy expenditure for the occurrence of these 
beneficial effects had to be at least 10 MET (Hill et al., 2005; Di Loreto et al., 2005; Riddell et al., 2006). All 
this in addition to demonstrating the ineluctability of physical activity shows that it must be considered by the 
scientific community as a real cornerstone of antidiabetic therapy like diet and oral hypoglycaemic agents. In 
the past, physical activity has often been attributed a secondary role compared to diet and therapy which has 
always relegated it to a border-line role. 
 
These and other clinical trials conducted show that physical activity, in addition to having a dramatic role in 
improving glycometabolic compensation, determines a significant reduction in health expenditure as well as 
an improvement in the perceived condition of one's health. If this is true in a second type diabetic patient it is 
equally true in the first type in which it has always been considered in the past if not harmful, certainly not 
decisive. This can be considered in part true if it occurs sporadically and not planned because in this condition 
it can more easily disturb the glycometabolic balance. On the contrary, even in the first type diabetic, 
significant and constant improvements in glycometabolic compensation are obtained through a rhythmic 
sports therapy program. Data literature reported that the acute effects of physical activity in subjects with 
insulin-dependent diabetes shows that, although there is an increase in cortisol and Gh levels in In any case, 
a reduction in glycaemic levels is observed which depends both on the starting glycaemic level and on the 
duration of the diabetes (Monda et al., 2019). Another study conducted by Bernardini, Vanelli and coll. at the 
University of Parma on the adherence of physical activity of the youth population with type 1 diabetes shows 
that there is a long-term decline in HBA1C which correlates with the amount of physical activity (Bernardini 
et al., 2004). Physical activity has always been considered one of the cornerstones of type 2 diabetes therapy 
together with diet and pharmacotherapy. However, the results obtained in recent years on the first type 
diabetic population show that physical activity deserves the same level of consideration as diet and insulin 
therapy also in the subject with juvenile diabetes by the international scientific community, reaffirming that in 
any case it must take place in conditions of good glycometabolic compensation and with the consequent 
insulin adjustment that it requires (Moscatelli et al., 2016; 2015; Patti et al., 2018). The World Health 
Organization has long recognized that physical and sporting activity plays a fundamental role in promoting 
positive lifestyle behaviours, capable of promoting health in a global sense and not just as a simple absence 
of disease. In the context of adopting healthy lifestyles, physical activity plays a fundamental role (Sperandeo 
et al., 2018; Mazzeo et al., 2013). The protective role of regular physical exercise has been demonstrated 
above all with regard to cardio-vascular diseases, but also to osteo-articular, metabolic and partly cancerous 
ones (Messina et al., 2018; 2017; Messina G. et al., 2015). In the healthy population, disease prevention and 
maintenance of health are based on the identification and control of risk factors and individual behaviours 
that favour the onset of diseases, as well as on the identification and control of environmental factors that are 
harmful to health. The project is to promote the knowledge and dissemination among citizens of any age, sex 
and race of lifestyles for health. Numerous conditions of morbidity, disability and premature mortality can be 
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prevented through the adoption of positive, socially shared behavioural models and lifestyle (Messina et al., 
2016; Braschi et al., 2011; Polito et al., 2020). According to our experience, in agreement with other research 
groups in this field, the adoption of a lifestyle has been shown to be able not only to significantly reduce the 
risk of developing diabetes but to prevent important complications that can be fatal for the patient's life or in 
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